From the low-altitude satellite P78-1, narrow and sometimes multiple peaks have been observed in the energy spectra of electrons from 68 to 1120 keV precipitating in the drift loss cone from the inner radiation belt. Simultaneously, measurements of the plasma wave environment at higher altitudes on the same field lines have been made with the ISEE plasma wave experiment in many cases. The peaks in electron energy are sometimes extremely narrow, being of the order of 20-keV wide after the instrument resolution is unfolded. The plasma wave observations in these cases reveal the frequent presence of single and sometimes multiple monochromatic frequencies in the 10 kHz to 25-kHz range that are attributed to ground-based VLF transmitters. The plasma wave experiment also provides electron plasma density profiles. The variations of the peak energies with L value and the nearly simultaneous and spatially coordinated narrow band wave frequencies strongly support the conclusion that the narrow peaks in the electron spectra result from cyclotron resonance interactions with the waves produced by ground-based VLF transmitters and that the effects of two or more transmitters are sometimes observed simultaneously.
INTRODUCTION
Narrow peaks are frequently observed in the energy spectra of electrons precipitating from the inner radiation belt into the drift loss cone. The energies of the peaks often decrease with increasing L value in a manner consistent with first-order cyclotron resonance involving a nearly monochromatic group of waves spanning a broad L shell interval [Imhof et al., 1974; Vampola and Kuck, 1978; Imhof et al., 1981] . The peaks are sometimes so narrow that if they result from wave-particle interactions near the equator with the trapped electron population, then rigid limits can be set on the monochromaticity of the waves responsible. For a central frequency at 10 kHz the bandwidth is less than 1 kHz [Irnhof et al., 1981] . Since the inferred bandwidths of the waves are therefore often consistent with being monochromatic, it has been suggested that the waves may originate from ground-based VLF transmitters [Imhof et al., 1974; Vampola and Kuck, 1978; Koons et al., 1981] . However, from the energetic electron data alone precise values of the wave frequencies cannot be derived owing to uncertainties in the cold plasma densities at high altitudes on the field lines. On the basis of average models of the electron density profiles it has been calculated that the frequencies must be in the general range of VLF transmitters, 10-25 kHz. From VLF recordings at Byrd Station, Antarctica, Koons et al. [ 1981] were able to compare their electron observations with the operating times of various transmitters and thereby to reject the VLF transmitter UMS located near Gorki, USSR, as being responsible for all of the electron fluxes. However, in the past there have been no coordinated measurements at satellite altitudes to permit precise comparisons to be made.
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Now with launch of the P78-1 low-altitude satellite containing a high-resolution electron spectrometer and the ISEE spacecraft with a plasma wave experiment we have the opportunity to perform simultaneous measurements of the waves, the plasma densities, and the precipitating electrons.
Descriptions of the satellites and instrumentation are provided elsewhere [Imhof et al., 1981; Gurnett et al., 1978 Gurnett et al., , 1979 , so only a very brief summary is given here. The P78-1 satellite was launched into a 96.7 ø inclination nearly circular orbit at ---600 km on February 24, 1979. The energetic electron data presented here were acquired with a spectrometer containing a 1000-/xm thick silicon detector having an area of 4.5 cm 2 and surrounded by a plastic scintillatorphotomultiplier anticoincidence shield to reduce background counts from penetrating particles. Continuous multichannel spectra were obtained with a 256-channel pulse height analyzer covering the .energy range 68-1120 keV. The inherent energy resolution of the spectrometer is 20 keV full width at half maximum (FWHM). The spectrometer was designed with a collimation angle of -15 ø FWHM and a relatively large geometric factor of 0.69 cm2sr. The collimator axis is placed at 90 ø to the satellite spin axis, which is oriented perpendicular to the orbit plane. The satellite spins with a period of ---5.5 s. For all of the data presented here the counting rate versus pitch angle profiles revealed that the electrons were locally trapped. They were, however, precipitating from the radiation belts by virtue of being observed at positions where the mirror points have a minimum altitude below ---100 km at some longitude in the drift path, i.e., the electrons were only quasi-trapped.
The plasma wave instruments on the ISEE 1 and 2 spacecraft were designed to provide measurements of the electric and magnetic fields of plasma waves over the 11,225 frequency ranges from about 5 Hz to 2 MHz and 5Hz to 10 kHz, respectively. The electric field wave data used in this paper were acquired with the narrow band sweep frequency receiver on ISEE 1. This receiver provides an essentially constant fractional frequency resolution of about 0.065 over the frequency range, from 100 Hz to 400 kHz, and a dynamic range of 100 dB. In the 7 kHz to 50 kHz range the filter bandwidth is +_224 Hz. Electron density contours can be obtained from the emissions at the upper hybrid resonance frequency [Gurnett et al., 1979] .
The ISEE 1 spacecraft is in a highly eccentric earth orbit with an apogee geocentric radial distance of about 22.5 Re. The perigee altitude above the center of the earth was about 9000 km at the times of the observations reported here, resulting in a minimum L shell coverage of about 1.3 to 1.4 near the geomagnetic equator. The data of interest here at L • 1.5 to •2 were all taken near perigee. Since the orbital period of the ISEE satellite, -•2.4 days, was much longer than the 96-min period of the P78-1 spacecraft the times of occurrence of perigee for ISEE were the pacing items in establishing the optimum times of coordination. During each perigee period of ISEE after launch of the P78-1 vehicle on February 24, 1979, the ephemeris parameters and data acquisition times were surveyed to find cases where nearly simultaneous data were acquired in the inner radiation belt. served from ISEE and narrow electron peaks are measured on P78-1 then it seems unlikely that the peaks could result from waves of a different frequency that are absent at the longitude of observation and yet completely dominate at the longitudes of precipitation. In the upper section of Figure 2 , earth-projected paths of the ISEE spacecraft are shown along with the locations of the various VLF transmitters that may be responsible for some of the narrow-band waves observed. At satellite altitudes, signal enhancements are known to occur not only near transmitters, but also at the magnetic conjugate points and at the antipodal positions [Heyborne, 1966] .
In each of the three coordinated cases selected for presentation here peaks were observed in the energy spectra of the quasi-trapped electrons precipitating from the radiation belts. In Figure 3 2. In the energy spectra of the precipitating electrons observed at low altitudes, narrow and at times multiple peaks often appear with central energies that decrease with increasing L shell. The narrow widths suggest that the interactions take place within a restricted range of latitudes which, based on other considerations, are likely equatorial.
3. Simultaneous plasma density profiles have been derived from the upper hybrid resonance frequencies in many cases. At the L shells of interest the measurements are off-equatorial so a diffusive equilibrium model is used to obtain the equatorial values.
4. For the first time the wave frequencies, electron peak energies, and plasma density profiles have been measured in coordination and are all found to support strongly the conclusion that the narrow peaks in the electron spectra result from electron cyclotron resonance interactions with the narrow band waves produced by ground-based VLF transmitters.
5. On certain occasions a dual set of electron peaks has been observed simultaneously with a double set of narrow banded waves, strongly indicating that one VLF transmitter cannot be responsible for all of the peaked spectra. For the same measured plasma density the pairs of electron peaks and monochromatic waves are consistent with the sources being a pair of ground-based VLF transmitters operating near 18 and 23 kHz.
6. The significant energy content of the measured VLF waves as compared to the broadband wave content and the pronounced peak-to-continuum ratio in the precipitating electrons indicate that powerful VLF transmitters at least at times play a significant role in the precipitation of electrons from the inner magnetosphere. The peaks are often very narrow, but on occasion represent as much as 85% of the total energy in the precipitating electrons observed.
